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CLAIMS 



1. An interface apparatus for interfacing motion of a user manipulate object with an 
electrical system, said interface apparatus comprising: 

a user object being physical^ contacted by a user; 

a gimbal mechanism coupled to said user object and providing at least two degrees of 
freedom to said user object, said gimrJal mechanism including a plurality of members, wherein a 
selected number of said plurality of members are formed as a unitary member in which flex is 
provided between said selected number oY members; 

an actuator coupled to said gimbW mechanism for applying a force along a degree of 
freedom to said user object through said unitary member, wherein said actuator applies said force 
in response to electrical signals produced byteaid electrical system; and 

a sensor for detecting a position oflaid user object along said degree of freedom and 
outputdng sensor signals to said electrical system; 

whereby said actuator and said sensor rloyi^ an electromechanical interface between said 
user object and said electrical system. X I / 

2. An apparatus as recited in claim l/wOLtald^imbal mechanism provides at least two 
revolute degrees of freedom to said user obW \ach revolute degree of freedom being about an 
axis of rotation. \ 

3. An apparatus as recited in claim 1 whereli said gimbal mechanism provides at least two 
linear degrees of freedom, each linear degree of freedom being along a linear axis. 

4. An apparatus as recited in claim 1 where\n said plurality of members of said gimbal 
mechanism are formed as a closed-loop linkage. \ 

5. An apparatus as recited in claim 4 wherel said closed loop linkage includes four 
members, wherein said four members of said closed-looAlinkage are flexibly coupled to each other 
as segments of said unitary member. \ 

6. An apparatus as recited in claim 4 wherein said Lsed loop linkage includes: 
a ground member coupled to a ground surface; \ 
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first and second extension meLers, each extension member being coupled to said ground 
member; and ' 

first and second central membels, said first central member having an end coupled to said 
first extension member and said secorld central member having an end coupled to said second 
extension member, wherein said centralWembers are coupled to each other at ends not coupled to 
said extension members and wherein saici central members are coupled to said user object. 

7. An apparatus as recited in clairl 6 wherein said central members are coupled to an object 
member which is coupled to said user objdet. 

8. An apparatus as recited in claiL 6 wherein said first and second central members are 
flexible and wherein said first and second central members and said first and second extension 
members are flexibly coupled to each other Ud form said unitary member. 



9. An apparatus as recited in claim 
said first and second extension members by 



wherein said ground member is rotatably coupled to 
tarings. 




Ti^4-v(herein at least one of said members flexibly 
y narrow in a dimension in which said member is 
imensions in>hich said member is desired to be 



10. An apparatus as recited in claim 
coupled in said unitary member is relativi 
desired to flex, and is relatively wide in 
stiff. 

1 1. An apparatus as recited in clam/* wherein said first and second central members are 
flex.bly coupled to an object member that is coipled to said object, wherein said object member can 
rotate in a third degree of freedom about an ax s extending approximately through the intersection 
of said two axes of rotation, said rotation in said third degree of freedom being allowed by 
flexibility of said central members. 

12. An apparatus as recited in claim 1 1 vierein said actuator is a first actuator coupled to a 
ground member, and further comprising a seconVl actuator coupled to a ground member of said 
gimbal mechanism, said second actuator being operative to apply a force in a degree of freedom to 
said user object in response to signals received fronV said electrical system. 

1 3. An apparatus as recited in claim 1 2 furtler comprising a third actuator coupled to said 
object for applying a force to said user object in saiW third degree of freedom, said third actuator 
bemg coupled to said ground member and being cLpled to said object by a torsion resistant 
flexure. 

14. An apparatus as recited in claim 6 where\n said end of said first central member is 
rotatably coupled to said first extension member by albearing, wherein said end of said second 
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central member is rotatably coupled Vo said second extension member by a bearing, and wherein 
said central members are flexibly coupled to said user object. 

15. An apparatus as recited in Alaim 12 wherein said central members are flexibly coupled 
to an object member which is coupled ti said user object. 

16. An apparatus as recited in blaim 4 wherein said end of said first central member is 
flexibly coupled to said first extension mfember, said end of said second central member is flexibly 
coupled to said second extension membek and said central members are rotatably coupled to said 
user object by a bearing. 

17. An apparatus as recited in claim 4 further comprising a third central member flexibly 
coupled between one of said extension meihbers and said user object. 

18. An apparatus as recited in claim 4 wherein said two degrees of freedom are rotary 
degrees of freedom, each degree of freedorA being about an axis of rotation, and wherein said two 
axes of rotation are fixed with respect to .4aid ground member, said first and second extension 
members being rotatable about said fixed aies of rotation, and wherein said central members are 
rotatable about first and second floating axes said floating axes being movable with respect to said 
ground member. 

19. An apparatus as recited in claim l|w+rarein said user object is a joystick handle. 

20. An apparatus as recited in clayh 21 farther comprising a linear axis member coupled to 
said gimbal mechanism and being indeperf&mtf<translatable with respect to said gimbal 
mechanism along a third axis in a third d^grp6 if freedom, said third axis extending approximately 
through said intersection of said two axes of rotation, wherein said object is coupled to said linear 
axis member and is independently translatable^along said third axis with respect to said gimbal 
mechanism. 

21. An apparatus as recited in claim 1 wherein said actuator includes a voice coil actuator 
for imparting a force on said user object using ^nagnetic fields and controlled by an electrical 
current. 

22. An apparatus as recited in claim 21 wheVein said voice coil actuator includes a plurality 
of sub-coils, each of said sub-coils including a different number of loops such that a constant 
current can be flowed through selected ones of said\sub-coils to create different force values on 
said user object. 

23. An apparatus as recited in claim 1 wherein\said actuator is interfaced to said electrical 
system by a voice coil driver chip. 
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24. An apparatus as recitdd in claim 23 wherein said voice coil driver chip has a variable 
gain of voltage input to current outbut. 



25. A method for interfacing potion of a user-manipulable object with an electrical system, 
the method comprising the steps of: 

defining an origin; 

providing a gimbal mechanism Lovable relative to said origin such that a user-manipulable 
object engaged with said gimbal mechabism has first and second degrees of freedom, said gimbal 
mechanism having a plurality of membeks, wherein a selected number of said members are formed 
as a unitary member such that flex is provided between said selected number of members; 

applying a force in each of saidltwo degrees of freedom using a plurality of actuators, 
respectively, wherein said transducers are decoupled from each other; and 



providing said signals to and from : 



trical system. 



26. A method as recited in/ 
mechanism form a closed loop of m< 



claim 15 wherein said plurality of members of said gimbal 



27. A method as recited in claim 25 ^herein said actuators are decoupled from each other 
and grounded. 

28. A method as recited in claim 25 Uerein said object is independently rotatable with 
respect to said gimbal mechanism about an axislin a third degree of freedom. 

29. A method as recited in claim 251 wherein said object is coupled to said gimbal 
mechanism at said intersection of said two axk of rotation and is capable of being translated 
independently with respect to said gimbal meihanism along a third axis in a third degree of 
freedom. 

30. A method as recited in claim 26 whelein said gimbal mechanism includes a unitary 
flexure of a plurality of members and a ground niember, said ground member being rotatably 
coupled to said unitary flexure by bearings. 
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31. A method as recitet 
movement of said object into eli 
system. 

32. A method as recited\in claim 25 further comprising transmitting a force from an 
actuator included in one of said transducers to said gimbal mechanism using a capstan drive 
mechanism, said capstan drive mechanism including a cable and pully for transmitting said force. 

33. A method as recited in dlaim 31 wherein said capstan drive mechanism is rotatably 
coupled to said actuator and a mcmbeV of said gimbal mechanism, said capstan drive mechanism 
including a capstan drum coupled to said pully by said cable, wherein said pully is rigidly coupled 
to said transducer and said transducer is bperative to rotate said pulley and thereby transmit force to 
said gimbal mechanism with no substantial backlash. 

34. A method as recited in claifai 25 further comprising transmitting a force from an 
actuator included in one of said transducers to said gimbal mechanism using a friction drive 
mechanism, said friction drive mechanisnAincluding a plurality of rollers frictionally engaging a 
movable drum, wherein at least one of said rbllers is driven by said actuator. 

35. A method as recited in claim 33\ wherein said friction drive mechanism is rotatably 
coupled to said actuator and a member of said gimbal mechanism, said friction drive mechanism 
including a rotatable drum including a drive baMhat enguges said rollers. 

36. A method as recited in claim 27 ywheyeifcl saidfosfdegree of freedom actuator and said 
second degree of freedom actuator are coupled toWg^ound member of said gimbal mechanism. 



37. An interface apparatus for interfacing iWion of a user manipulate object with a host 
computer system displaying visual images on a screeV said interface apparatus comprising: 

a user object movable in a degree of freedom\by a user and being physically contacted by 
said user; \ 

a gimbal mechanism coupled to said user object and providing two degrees of freedom to 
said user object, said gimbal mechanism including a of a\plurality of members; 

a processor, separate from said host computer syWm, for communicating with said host 
computer system via a communication interface by receiving a host command from said host 
computer system, said processor being controlled by software instructions; 



1 in claim 27 further comprising at least one sensor for converting 
ctrical input signals, said input signals being input to said electrical 
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an actuator physically couplAd to said gimbal mechanism and electrically coupled to said 
processor for applying a force along V degree of freedom to said user object in accordance with a 
processor command from said processor, said processor command being derived from said host 
command; and 

a sensor for detecting a positioh of said user object along said degree of freedom and 
outputting sensor signals to said host cornputer system, said sensor signals including information 
representative of said position of said useAobject. 

38. An interface apparatus as recited in claim 37 wherein said plurality of members of said 
gimbal mechanism are formed in a closed-lobp linkage. 

39. An interface apparatus as recited in claim 38 wherein said closed loop linkage includes 
five members, and wherein each of said fivi members of said closed loop linkage is rotatably 
coupled to at least two other members of said Iftikage. 

40. An interface apparatus as recited in blaim 38 wherein said closed loop linkage includes 
five members, and wherein a plurality of said fivf members of said closed loop linkage are flexibly 
coupled to other members of said linkage. 

41 . An interface apparatus as recited in cllim 38 further comprising: 

a linear axis member coupled to said girybbl mechanism andj>efng independently rotatable 
with respect to said gimbal mechanism about j third Lsjnj>h<degree of freedom, said third 
axis extending approximately through said int<U<Un of said two axes of rotation, wherein said 
object is coupled to said linear axis member arM independently rotatable about raid third axis 
with respect to said gimbal mechanism; and 

a sensor for detecting motion of said linear axjs member in said third degree of freedom. 

42. An interface apparatus as recited in claim 38 wherein said sensor is electrically coupled 
to said processor, wherein said sensor outputs said selsor signals to said processor, and wherein 
said processor sends said sensor signals to said host \;omputer system and utilizes said sensor 
signals to determine a force output by said actuator. 

43. An interface apparatus as recited in claim 4^2 wherein said processor is operative to 
provide said processor command to said actuator in accordance with a processor subroutine 
selected in accordance with said host command and stored In said memory device. 

44. An interface apparatus as recited in claim 42 \herein said communication interface 
includes a serial interface. 
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45. An interface apparatus as rented in claim 38 wherein said object is a joystick handle. 

46. An interface apparatus as rented in claim 38 wherein said object is at least a portion of 
a medical instrument. 

47. An interface apparatus as redted in claim 38 wherein said actuator is coupled to a 
ground member, and further comprising anjadditional actuator coupled to a ground member of said 
gimbal mechanism, said additional actuatAr being operative to apply a force along a degree of 
freedom to said user object in response to siiials received from said processor. 

48. An interface apparatus as recited claim 37 wherein said actuator is interfaced to said 
microprocessor by a voice coil driver chip. 

49. An interface apparatus as recited \n claim 37 further comprising a passive damper 
element coupled to a member of said gimbal ^echanism to increase dynamic stability of said 
interface apparatus. 

50. An interface apparatus as recited in ilaim 37 further comprising a clock coupled to 
said processor and used, at least in part, to determine said force output by said actuator. 



51. An interface apparatus for interfa/ng Wion^ a user>anipulable object with an 
electrical system, said interface apparatus comprising: 

a gimbal mechanism including a plWalit/oV members and providing two degrees of 
freedom to a user-manipulable object coupled to said gilibal mechanism; 

a first degree of freedom actuator coupled to said gimbal mechanism, said first degree of 
freedom actuator including a first voice coil actuator forLplying a force to said user-manipulable 
object in said first degree of freedom using a magnetic fieM; 

a second degree of freedom actuator coupled to sail gimbal mechanism, said second degree 
of freedom actuator including a second voice coil actuator for applying a force to said user- 
manipulable object in said second degree of freedom using at magnetic field; 

at least one sensor for detecting motion of said user-Lnipulable object along said first and 
second degrees of freedom and outputting sensor signals to slid electrical system; 

whereby said actuators and said sensor provide an electromechanical interface between said 
object and said electrical system. 
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52. An apparatus as recited^n claim 5 1 wherein said gimbal mechanism includes a closed 
loop five member linkage, wherein eWh of said five members is rotatably coupled to at least two 
other members of said linkage. \ 

53. An apparatus as recited in daim 5 1 wherein said gimbal mechanism includes a closed 
loop five member linkage, wherein a plurality of said five members are flexibly coupled to other 
members of said linkage. \ 

54. An apparatus as recited in fclaim 53 wherein two of said members are flexible 
members. \ 

55. An apparatus as recited in claini 5 1 wherein each of said voice coil actuators includes a 
coil of wire and a rotatable member that rotates through a magnetic field and is forced in a particular 
direction depending on a magnitude and direction of a current flowed through said coil. 

56. An apparatus as recited in claim 55 wherein said coil includes a plurality of sub-coils, 
each of said sub-coils including a different nurAber of loops such that constant magnitude currents 
can be flowed through selected ones of said sub-coils to create different force values on said user 
object. \ 

57. An apparatus as recited in claim 55/WWrein said voice^oil includes a first coil of wire 
used to apply said force to said user-manipu/abld/lobject^aJKfa second coil of wire used as said 
sensor for sensing a velocity of said user-manfipulaftle object. 

58. An apparatus as recited in claim 5 1 whetein said user object is rotatable about two axes 
of rotation, and wherein said user object is independently rotatable with respect to said gimbal 
mechanism about a third axis in a third degree of freedom, said third axis extending approximately 
through said intersection of said two axes of rotaticta, wherein said user-manipulable object is 
coupled to said linear axis member and is independently rotatable about said third axis with respect 
to said gimbal mechanism. \ 

59. An apparatus as recited in claim 51 wheritin said electrical system includes a host 
computer system that displays images to said user on a display screen, and wherein said sensor is 
electrically coupled to a microprocessor provided locallyUo said interface apparatus, wherein said 
sensor outputs said input signals to said processor, and therein said processor sends said input 
signals to said host computer system. I 

60. An interface device as recited in claim 59 viherein said processor is operative to 
provide a processor command to said actuator in accordance with a reflex process selected in 
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accordance with a host command provided by said host computer, said reflex process being stored 
in a memory device. 

61. An interface device Vs recited in claim 59 wherein a reflex process is selected by a 
button on user object that has beenWtivated by said user. 

62. An interface device as \ecited in claim 5 1 further comprising an electrical interface 
electrically coupled between said vdfce coil actuators and said electrical system, said electrical 
interface including a voice coil driver cWp for driving said voice coil actuators. 



63. An interface apparatus for interfacing motion of a user manipulable object with 
electrical system, said interface apparatus comprising: 



an 



a user; 



a user-manipulable object moveable^ two degrees of freedom and physically contacted by 



a first degree of freedom actuator coutled to said user-manipulable object, said first degre. 
of freedom actuator including a first voicA coil actuator for applying a force to said 
manipulable object in said first degree of freedforosing a magnetic field; 



user- 



a second degree of freedom actuato/coWd to said^er-manipulable object, said second 
degree of freedom actuator including a second vMcVeoirlctuator for applying a force to said user- 
manipulable object in said second degree o%^<L using a magnetic field; and 

at least one sensor for detecting motion of slid user-manipulable object along'said first and 
second degrees of freedom and outputting sensor signals to said electrical system; 

whereby said actuators and said sensor provid\ an electromechanical interface between said 
object and said electrical system. 



64. An apparatus as recited in claim 63 wherein Wch of said voice coil actuators includes a 
coil of wire and a member that moves through a magWtic field and is forced in a particular 
direction depending on a magnitude and direction of a currU flowed through said coil. 

65. An apparatus as recited in claim 64 further lomprising a planar member coupled 
between said user-manipulable object and said first and secUd degree of freedom actuators said 
planar member being translatable in two planar object degreei of freedom, wherein said translation 
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of said planar member causes 
freedom. 



laid user-manipulable object to move in said user object degrees of 



66. An apparatus as recitftd in claim 65 wherein said two user object degrees of freedom 
are rotary degrees of freedom, and wherein said user object is coupled to a ball joint that is 
rotatable in a socket, and wherein staid translation of said planar member causes said ball joint to 
rotate in said socket and thereby rotate said user object in said two user object degrees of freedom. 

67. An apparatus as recited iii claim 65 wherein said two user object degrees of freedom 
are linear degrees of freedom, and whekein said user object is translated in said user object degrees 
of freedom as said planar member is translated. 

68. An apparatus as recited in cldim 65 wherein said planar member is a circuit board, and 
wherein coils of wire included in said voicfe coil actuators are etched onto said circuit board. 



69. An apparatus as recited in claims 
coupled between said voice coil actuator: 
including a voice coil driver chip for drivinj 

70. An apparatus as recited in cla 
coupled to said circuit board. 
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further comprising an electrical interface electrically 
said electrical system, said electrical interface 
id voice coil actuators. 

69 wherein said voice coil driver chip is physically 



71. An apparatus as recited in claim 65 Wherein said coil includes a plurality of sub-coils, 
each of said sub-coils including a different numbW of loops such that constant magnitude currents 
can be flowed through selected ones of said subsoils to create different force values on said user 
object. 

72. An apparatus as recited in claim 65 wVierein said coil is a first coil of wire used to 
apply said force to said user-manipulable object, and\further comprising a second coil of wire used 
as said sensor for sensing a velocity of said user-manibulable object. 

73. An apparatus as recited in claim 65 wheAin said coil is used both for applying said 
force to said user-manipulable object and for sensing a vVlocity of said user-manipulable object. 



74. An apparatus for interfacing the mbtion of a user-manipulable object with an electrical 
system comprising: » 
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a gimbal mechanism providing two degrees of freedom to an object engaged with said 
gimbal mechanism about two axes of relation, said object being coupled to said gimbal mechanism 
at about the intersection of said two axes\ of rotation; 

an actuator for generating a fo^ce along said first degree of freedom of said gimbal 
mechanism; and 

a friction drive mechanism coupled between said actuator and said gimbal mechanism, 
wherein force from said actuator is transmitted to said gimbal mechanism through frictional contact 
of members of said friction drive mechanisr 

whereby said actuator provides an electromechanical interface between said object and said 
electrical system. 

75. An apparatus as recited in claim 7tt wherein said friction drive mechanism includes a 
rotatable drum having a drive bar, and wherein said members of said fiction drive mechanism 
include said drive bar and a drive roller coupled to said actuator, said drive roller frictionally 
engaging said drive bar to rotate said drum and transmit a force to said object in said first degree of 
freedom. 

76. An apparatus as recited in claim 74 wherein said friction drive mechanism includes a 
translatable drum having a drive bar, and wherein Laid members of said fiction drive mechanism 
include said drive bar and a drive roller coupled to said actuator, said drive roller frictionally 
engaging said drive bar to translate said drum and transmit a force to said object in said first degree 
of freedom. 

77. An apparatus as recited in claim 74 furthfcr comprising a second degree of freedom 
actuator coupled to said gimbal mechanism to geneVate a force along said second degree of 
freedom, wherein said first degree of freedom actuator Aid said second degree of freedom actuator 
are coupled to a ground member of said gimbal mechanism, and further comprising an additional 
friction drive mechanism coupled between said second deWee of freedom actuator and said gimbal 
mechanism to transmit a force from said second degree of freedom actuator to said object in said 
second degree of freedom. 

78. An apparatus as recited in claim 75 further comprising a passive roller frictionally 
engaged with said drive bar on an opposite side of said drive b> to said drive roller. 

79. An apparatus as recited in claim 74 wherein said gLbal mechanism includes a closed 
loop five member linkage, wherein each of said five members i\ rotatably coupled to at least two 
other members of said linkage. 
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80. An apparatus as recited in claim 79 further comprising at least one sensor coupled to 
said apparatus to sense positions )f said object along said two degrees of freedom and which 
produce electrical signals correspon ding to such positions for said electrical system. 

81. An apparatus as recited in claim 75 wherein said object includes one of the groups 
consisting of at least a portion of a surgical tool, a stylus, and a joystick. 
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